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Response to a tail wind
We examined how tethered honeybees respond to a tail wind by positioning the fan behind a tethered honeybee in the arena, and conducted experiments similar to those in the antennal manipulation case (at air speeds of -0, -0.5, -1.5 and -3 m/s, corresponding to the points of interest in the positive air speed response). At these negative air speeds, honeybees still displayed their characteristic streamlining response to the visual stimulus ( Figure S1 ). The responses at -1.5 and -3 m/s were close to the baseline 'no wind' condition, whilst the response at 0.5 m/s was slightly elevated. ANOVA testing revealed that, with tail winds, the streamlining response depends weakly on airspeed (F 3,32 =3.10, p=0.041), with significant differences being observed between the response at -0.5 and -1.5 m/s (Section 7.f).
Whilst the observed response to a tail wind is clearly different from a honeybee's response to a head wind, it is not clear if this is because the honeybee is unable to sense the air speed (because its antenna are occluded by its body), or senses the air flow, either with its antenna or with other sensory organs, and chooses not to respond. However, the results indicate that the streamlining response is functionally asymmetrical, with the response at positive air speeds differing from the response at negative air speeds, much as the streamlining response to optic flow 1 . Figure S1 : Response to a tailwind: Plotted as a function of optic flow with air speed as a parameter (a), and as a function of air speed with optic flow as a parameter (b) . (a) Box shows number of bees tested at each air speed. Error bars show ± s.e.m.
Passive lifting by air flow
It is possible that airflow from the fan acted to lift the abdomen passively, by causing a pitching moment about the thorax-abdomen joint, generated by the aerodynamic force against the abdomen, to pivot it into a streamlined position. For this to occur, the aerodynamic pitching moment would have to exceed the opposing moment caused by the weight of the abdomen itself. Since aerodynamic forces increase as the square of the wind velocity, high air speeds could exert an appreciable force against the insect's abdomen.
The effect of drag force on passive abdomen lift was investigated by using honeybee bodies that would experience the same drag forces as living bees. Honeybees were collected from the same hive as the insects used in the other experiments. They were tethered as usual, and then euthanized by amputation of the head capsule before they had recovered from the cold anaesthesia. The thorax and abdomen were immediately tested using air speeds of 0, 1, 2, 3 and 4 m/s. Prior to testing, the abdomen was manually positioned at approximately -90 o , which should have exposed it to the maximal possible drag force for a given air speed. Reflexive motions of the legs were observed for up to an hour after decapitation, indicating that rigor mortis had not set in.
The results indicate that air flow over the abdomen of deceased bees causes a small increase (several degrees) in the abdomen posture ( Figure S2 ). In addition to aerodynamic forces, the thoracic ganglia could have caused abdominal motion either randomly, or based on information from air speed sensing organs on the body that projected directly to it, and these motions would have been combined with those caused by external forces. However, ANOVA (Section 7.e) showed no significant effect of air flow (F 4,34 =0.83, p=0.517) on abdomen posture, and the range of the response exhibited by live flying honeybees far exceeded that of the decapitated insects, even at the lowest speed of optic flow ( Figure S2 ). The aerodynamic forces clearly play a minor role in lifting the abdomen. 
Invariance of the streamlining response to thorax orientation
During natural flight honeybees reorient their entire body as their flight speed increases 2 (as do many other insects, see Section 6) . In this situation, the head, thorax and abdomen are rotated forwards relative to the flight path, but the thorax -abdomen angle (which we describe as abdomen pitch in this study) remains relatively constant. Such a rotation would change the angle of the insect's head, and the sensory structures on it, relative to the oncoming optic flow and air flow, which in this study are directed horizontally. To test if the angle of the thorax affected the abdominal pitch response to optic flow and air speed, we conducted experiments where bees were tethered with the thorax pitched up, simulating slow or hovering flight, and the thorax pitched down, a position that is not assumed during normal flight. These results were compared to those obtained for the usual experimental paradigm where bees were tethered with their thorax at 0 o , simulating fast flight. These angles are of the thorax relative to the horizontal, and are analogs of the body angle measured for free flying insects (although in free flight the abdomen is usually held in line with the thorax). The effects of air speeds that would elicit a low, intermediate, and strong streamlining response were also tested, these air speeds being 0, 1.5 and 3 m/s respectively.
The thorax angle of bees could only be set by changing the angle they were glued relative to the metal tether; it was not possible to adjust this during or between experiments. The insects often refused to participate in experiments if they were anesthetized a second time, and because of this, separate bees were tested for three thorax orientations. The average thorax angle of bees with their thorax pitched down was -33±4.6 o , and the average with their thorax pitch up was 36±5.3 o (± s.d.). In addition, we used data collected with the thorax pitch horizontal (2±4.2 o ) from the standard experiments described in the main paper. Notably, bees with their thorax pitched down were very reluctant to fly (even more so than when antennal manipulations were performed); indeed, the flight attitude appears very unnatural ( Figure S3 ). In these experiments the bees were only tested at a single air speed because there was an effect of presentation order on the response to air speed, as described in the following section.
Bees with their thorax pitched up show a similar response ( Figure S3a and d) to optic flow and air speed as do normal bees ( Figure S3b and e). Increasing strengths of optic flow and air speed both act to increase the response, and they appear to interact via a non-linear, saturating function. Both main effects (air speed and optic flow), and their interaction, are significant (Section 7.i). Furthermore, there is no statistical difference between bees in this condition and bees with their thorax tethered horizontally, neither as a main effect of tethering angle, nor as an interaction with any other factors (Section 7.i). Hence, it appears that at the upper and lower limits of thorax angles that a bee might assume during natural flight (at the three wind speeds tested), the streamlining response persists, regardless of thorax angle.
Conversely, honeybees with their thorax pitched down show a qualitatively different behaviour ( Figure S3c and f); noticeably optic flow no longer acts to steadily increase the abdomen pitch to a plateau point. In fact, for all three air speeds, the response relative to optic flow reaches a peak value before the maximum optic flow rate tested, after which it begins to decrease. Furthermore, the responses at 0 and 1.5 m/s air speed overlap substantially, suggesting that the response to air speed is also modified by pitching the thorax down. ANOVA shows there is no longer a significant main effect of optic flow, although it continues to interact with air speed, which is itself significant (Section 7.j). 
The influence of stimulus presentation order
Initial experiments showed that honeybees exhibited a hysteresis-like effect when exposed to different air speeds. Qualitatively, it appeared that when the insects were initially exposed to a high air speed, they were reluctant to fly when the speed was lowered or removed, perhaps finding it to be unnatural. This effect was observed to occur regardless of whether the lower air speed was presented to a bee during the same flight trial as the higher air speed, or during a later trial. To test this apparent effect of presentation order, or hysteresis, we trialed honeybees with air speed levels represented by a stepped triangle function of increasing and then decreasing air speeds, at several optic flows. Whilst no dependence of the response to optic flow on presentation order had been observed, we also tested separate bees with a similar function of increasing then decreasing optic flows, at several air speeds.
a. Air speed
Honeybees were exposed to a stimulus pattern of progressively increasing series of air speeds, from 0 -5 m/s (in 1 m/s increments of 10s duration), followed by a decreasing series of air speeds that mirrored the initial increase. Honeybees were tested at optic flow levels that would elicit low, intermediate and strong streamlining responses, these being 100, 300 and 500 deg/s. This was similar to the standard protocol of presenting a progressively increasing series of optic flow levels, except here optic flow was held constant during the flight whilst air speed was systematically varied. Bees were exposed to all optic flow levels twice in random order, and their responses averaged.
When exposed to this triangular function of air speed levels, honeybees typically maintained their abdomens at a higher level during the decreasing portion of the response function, regardless of optic flow level ( Figure S4 ). The sole exception is at the end of the ramp when there is no wind, or at 3m/s air speed, at which point honeybees dropped their abdomens to lower positions than at the beginning. Generally, this phenomenon appears to approximate a classic hysteresis function. The effects of optic flow, air speed and their interaction in these trials were significant, and agreed with other results in the manuscript (Section 7.h). The effect of air speed presentation order was not itself significant as a main effect (F 1,9 =0.76, p=0.407), but showed a significant interaction with air speed (F 1.6,14.4 =11.44, p=0.002), and also a three factor interaction with air speed and optic flow (F 2.0,17.7 =5.41, p=0.015). Thus, it appears the order in which a tethered bee experiences air speeds modifies its response to the following air speeds, and further how this response interacts with the response to optic flow.
It is unclear what causes presentation order to affect the observed abdomen pitch in this manner. The response itself does not display hysteresis when bees are exposed to a triangular function of optic flow (see the following section), and a similar effect was initially observed when air speed was changed between trials, suggesting that the response does not arise from short term habituation of the mechanoreceptors. We speculate that tethered honeybees rapidly become accustomed to higher air speeds in the flight arena, and are reluctant to assume a posture associated with low flight speed. They may even modulate their flight forces during the decreasing section of the triangular function, in an attempt to accelerate to faster flight speeds. Regardless of the cause, such hysteresis may be a consideration in the design of experiments investigating flight control of insects in response to varying air speeds, and understanding the underlying mechanosensory cues. Honeybees were exposed to a standard stimulus of progressively increasing optic flows, going from 100 -600 deg/s (in 100 deg/s increments of 10s duration), followed by a decreasing series of optic flows that mirrored the initial increase. As presentation order was already suspected to affect the response, separate honeybees were tested without air flow and with airflow at intermediate and high speeds with respect to their effect on the streamlining response ( Figure  S5 ). These air speeds were 0, 1.5 and 3 m/s respectively.
Whilst there is some variation of the response with the increasing and decreasing side of the triangular optic flow function, this variation appears to be inconsistent and varies qualitatively between air speeds. Again, optic flow and air speed show a substantial effect on abdomen position, and indeed these are the only significant effects detected (Section 7.g). The presentation order of optic flow has no significant effect on streamlining per se, nor does it show any significant interaction with other parameters. Thus, we conclude that the order of presentation of optic flow does not need to be controlled when designing experiments to examine its effects. Here x represents input and Y(x) represents the output at a particular value of x. p(1) represents the minimum value of the function (or vertical offset), p(2) the response range of the function, p(3) the x value where the function is halfway between its minimum and maximum values (or, equivalently, the horizontal offset), and p(4) a measure of the slope of the curve at this point.
The best-fitting values of these parameters for the first four models were found using the least squares fitting tool 'nlinfit' in Matlab R2009b. The parameters of the non-linear combination model were found using a genetic algorithm optimisation approach, the function 'nsga2' from the Mathworks file exchange 3 , where an artificial population size of 100 was used for 100 generations to optimise the 10 free variables using a least squares fit.
The values of these parameters for each of the saturating functions are given below (in all cases Figure 4 refers to the main text): 
5.b Antennal manipulation comparison
The model using a non-linear combination of saturating response was tested against the results found for the two antenna manipulation cases. As these abdomen positions for antenna manipulated bees were different from those observed in normal bees, the model would obviously have to be adjusted to fit this data. It is of interest to find if an entirely new model would be required, or if the same method of combining air speed and optic flow could be used with adjusted parameters, and if that was the case, which parameters should be adjusted.
We refit the following model parameters, whilst keeping the other parameters at the same level as found for normal bees (the data was refit for antenna amputated and pedicel waxed bees separately):
• Saturating response to air speed (SatAS1 -p(1), p(2), p(3), p(4)) • Saturating response to air speed that modulates optic flow gain (SatAS2 -p(1), p(2), p(3), p(4))
The results of refitting these parameters are shown in Table S1 . Qualitative comparison between the various models and the corresponding data is done using plots of the models' output, as shown in Figure 4 (main text) and Figure S6 . Similar to the model fit for data from nonmanipulated bees, there appeared to be considerable 'play' in the parameters fit by the optimiser, further highlighting the interaction of variables in determining the best fit. 6 (main text)) Figure 6 (main text) is the result of a meta-analysis of the drag forces incurred during flights at a range of forward air speeds for a collection of seven insect species, across six orders. These are:
1. Hymenoptera a. Apis mellifera (honeybee (female worker)) b. Bombus terrestris (bumblebee (female worker)) 2. Lepidoptera -Manduca sexta (hawk moth (male)) 3. Coleoptera -Trypoxylus dichotomus (rhinoceros beetle (male)) 4. Odonata -Sympetrum sanguineum (dragon fly) 5. Diptera -Drosophila viralis (fruit fly) 6. Orthoptera -Schistocherca gregaria (locust)
For each species, data was taken from several sources (detailed in Table S2 and Table S3 ) and used to compute the drag when streamlined, and if the insect had maintained the body angle that it used when hovering across its range of flight speeds. In many cases values were found from interpolating or extrapolating from published figures, and studies from which data has been collected span seven decades, during which technological advances may have improved measurement accuracy for some variables. Hence the data in this section aims to provide a general indication that streamlining benefits flying animals, rather than to make precise comparisons between their power requirements. The values for the advance ratio (J), Reynolds number (Re), body drag (D*) and parasitic power (P* par ) were calculated from measured morphological and kinematic parameters (mass (m), wing (r) and body length (l), wingbeat frequency (n), wingbeat amplitude (Φ), body angle (χ), coefficient of drag (C d , dependent on body angle and Reynolds number) and body plan area (A)) at each flight speed (U) using the following equations 4,5 : Both parasitic power and body drag are expressed relative to the insect's body mass, m, as such they are labeled P* par and D* respectively. The values for all parameters are shown in the following two tables, with the exception of the coefficient of drag, body plan areas, and parasitic power. Some sources provided drag measurements and not values for the coefficient of drag or body plan areas, hence we include only the value for body drag, whether calculated or taken directly from a source. The values for parasitic power are plotted in Figure 6 (main text). Table S3 : Flight kinematics and power requirement details. The superscripted number denotes the source of data, and superscripted letters denote a footnote following the table. Unless followed by further superscripts, those at the lowest air speed for each species apply to the values for the following air speeds of that parameter. Drag Not-SL indicates the drag value was calculated assuming the insect had maintained the same body angle for hovering for all air speeds.
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Statistical tests
Common abbreviations used when reporting statistical tests in this document are: Sum of squares (SS), degrees of freedom (df), mean squares (MS), F-value (F), p-value (p), χ 2 -value (χ 2 ) and epsilon (test statistic for sphericity tests, ε). The subscripted number following χ 2 values denotes the degrees of freedom, and for F values, the first and second subscripted values denote the between subjects and within subjects (error) degrees of freedom respectively. Figure 2a and d (main text) ) Two factor ANOVA was conducted with one within subjects factor (optic flow), and one between subjects factor (air speed) in SPSS using Type III sum of squares (used for all ANOVA comparisons). The number of bees included for each level of the between subjects factor were 11 (0 m/s), 11 The between subjects factors were found to be heteroscedastic at each of the within subjects factors levels (Table S4) . Heteroscedasticity can result in the F-statistic being non-conservative (an increase in Type 1 error), particularly in an unbalanced design where the group with the smaller number of samples has increased variance, or when the change in group means is small 23, 24 . Simulation studies suggest that Type 1 error rates are unlikely to exceed 7% for normal, but heteroscedastic data 23 . Outside of those constraints, the F-statistic for heteroscedastic data is usually conservative (an increase in Type 2 error), however performance is improved when the number of groups are large 23,24 (greater than ten). Notably, the variance of between subjects groups in our data does not appear to be directly proportional to the group mean (for example the variance at 0.5 m/s air speed is larger than 0 and 1 m/s, even though this air speed results in a reduced average abdomen angle, whilst higher air speeds have both reduced averages and variances, Figure 2d (main text)), so a transformation will not alleviate the issue 24 , nor would a non-parametric test. We suggest that the effect of heteroscedasticity may make tests slightly more conservative, but will not adversely affect the conclusions we draw from our data. Note that heteroscedasticity only effects the between subjects factor (air speed), as its equivalent for within subjects factor can be corrected for. Mauchly's Test of Sphericity indicated that the assumption of sphericity was violated for this data, χ 2 14 =542.5, p<0.000001, and as ε=0.31, Greehouse-Geisser correction was used to adjust degrees of freedom for the within subjects factor (Table S5 ) after conducting the ANOVA. Both main effects and the interaction are highly significant. Based on Figure 2d (main text) it appears that the interaction effect occurs because the range of group means is reduced over the within subjects factor (optic flow) at high levels of the between subjects factor (air speed). Post-hoc comparisons were made between main effects by computing p-values for each pairwise comparison. Family wise error control is provided by using the Dunn-Sidak pairwise comparison for within subjects comparisons, and the Games-Howell comparison (specifically for heteroscedastic data) for between subjects comparisons, both of which were performed. Low optic flow levels are significantly different from all others up to 400 deg/s after which optic flow is no longer significantly different from higher levels (Table  S6 ). This indicates that a plateau, or saturation, of the response has been reached. As apparent from Figure 2d (main text), the response to air speed is more complicated, and divides itself into four groups (Table S7) . First, a plateau or saturation is again reached at 2.5 m/s, after which air speed levels are no longer significantly different. Second, the 0 m/s air speed is significantly different from these air speeds in the plateau region, but not from flow rates lower than 2.5 m/s; 0 m/s represents the global minimum of the response. Third, the speed range 1 to 2 m/s represents an intermediate local minimum, which whilst not different from 0 m/s air speed, is only different from the highest points on the plateau (4 and 5 m/s), suggesting it represents slightly higher values than the 0 m/s minimum. Fourth, the 0.5 m/s air speed, as it is not significantly different from any other air speed. Figure 2d (main text) shows that at high optic flow the response at this air speed approaches the level the plateau, whilst at low optic flow levels the response is similar to the local minimum centered at 1.5 m/s. 0.5 m/s represents a local maximum although its strength of its response is largely dependent on the interaction with optic flow. 
7.a Test of effects of air speed and optic flow (data in

7.b Test of effects of air speed and optic flow on antenna amputated bees (data in Figure 2b and e (main text))
Two factor ANOVA was conducted with one within subjects factor (optic flow), and one between subjects factor (air speed). The number of bees included for each level of the between subjects factor were 9 (0 m/s), 9 (0.5 m/s), 8 (1.5 m/s) and 12 (3 m/s). Of the 24 factor combinations none were found to be non-normal (using Shapiro-Wilk's test). However, as for the normal bees, between subjects factors were found to be heteroscedastic at most of the within subjects factors levels (Table S8 ). The effect of heteroscedasticity for this data is harder to predict. Heteroscedasticity is not as severe as for normal bees, with five of the size within subjects factor levels now displaying non-equal variances, which have a mean p-value of 0.017, over twice the mean (0.007) for the six heteroscedastic within subjects factor levels for normal bees. From simulation studies 23 , it still seems unlikely Type 1 error will noticeably exceed 5%, although the test of effects for the between subjects factor may be reduced in power. Mauchly's Test of Sphericity indicated that the assumption of sphericity was violated for this data, χ 2 14 =196.8, p<0.000001, and as ε=0.31, Greehouse-Geisser correction was used to adjust degrees of freedom for the within subjects factor (Table S9 ). The main effect of the within subjects factor (optic flow) is highly significant, and the interaction term is not significant. The between subjects factor (air speed) remains significant, but not strongly so, although the power of the test (and thus the strength of the statistical conclusion) is likely reduced due to heteroscedasticity as discussed previously. Nonetheless, it is reasonable to conclude that air speed has less effect on these bees with their amputated antenna than their un-manipulated compatriots (Section 7.a). Post-hoc comparisons are made between main effects by computing p-values for each pairwise comparison, using Dunn-Sidak and Games-Howell tests were performed for within and between subjects comparisons respectively. The response to optic flow for antenna amputated bees plateaus (Table S10 ) in a similar way to bees with normal antennas (Section 7.a), except that the plateau level now occurs at 300 deg/s rather than 400 deg/s. When comparing the effects of air speed (Table S11) , it now appears to follow a similar plateau or saturation response to the optic flow component. Only the 0 m/s air speed condition is significantly different from the highest air speed tested (3 m/s). The local minimum at 1.5 m/s does not occur, as the response at this point is now close to the plateau, and the response at 0.5 m/s is now generally between the response for 0 and 1.5 m/s (Figure 2e (main text) ), without the obvious interaction with optic flow observed for normal bees. Figure 2c and f (main text) )
7.c Test of effects of air speed and optic flow on antenna waxed bees (data in
Two factor ANOVA was conducted with one within subjects factor (optic flow), and one between subjects factor (air speed). The number of bees included for each level of the between subjects factor were 12 (0 m/s), 6 (0.5 m/s), 12 (1.5 m/s) and 7 (3 m/s). Of the 24 factor combinations one was found to be non-normal (0 m/s at 100 deg/s), using Shapiro-Wilk's test. As for previous comparisons, between subjects factors were found to be heteroscedastic at most of the within subjects factors levels (Table S12 ).
Heteroscedasticity is further reduced from the previous comparisons, with only four of the six within subjects factor levels now displaying non-equal variances. It still seems unlikely Type 1 error will noticeably exceed 5%, although the test of effects for the between subjects factor may be somewhat reduced in power. (Table S14 ) in a similar way to bees with normal antennas (Section 7.a), except that the plateau level now occurs at 500 deg/s rather than 400 deg/s. (Figure 5 (main text) )
Two factor ANOVA was conducted with one within subjects factor (optic flow), and one between subjects factor (antennal manipulation) at each of the air speeds 0, 0.5, 1.5 and m/s. In this comparison we are not particularly interested in the effect of optic flow, as its effect has already been investigated for each antennal manipulation, but include it as a main effect to permit the use of repeated measures analysis. The number of subjects and normality tests are presented in the preceding three sections, and whilst several groups do not have normal distributions, this should not affect the outcome of our analysis. Likewise, between subjects groups are heteroscedastic, which will make our ANOVA more conservative, and non-spherical, which is corrected for using Greehouse-Geisser correction.
The main effect of the within subjects factor (optic flow) is highly significant at all air speeds, and the interaction effect with antenna manipulation is only significant at 3 m/s (Table S15 ). Figure 2f (main text) shows that the range of response to optic flow increases when the antenna is manipulated at this air speed, accounting for the significant interaction at that air speed. The between subjects factor (antenna manipulation), is only significant at 0 and 1.5 m/s, not 0.5 or 3 m/s. The antennae must provide information to regulate abdomen at those two positions. Post-hoc tests were conducted using least significant difference tests. These tests do not provide Type 1 error control, but as we are testing are pre-existing hypothesis that manipulated bees would be different from normal bees, rather than a full set of pairwise comparisons family wise error rate control is not necessary 25 . Significant differences between normal bees and both antennal manipulations occur at 0 and 1.5 m/s (Table S16 ). 
7.e Test of effect of wind on decapitated bees (Section 2)
One factor ANOVA was conducted with a single between subjects factor (air speed). Seven honeybee bodies were tested at all air speed levels. Of the 5 factor levels one was found to be slightly non-normal (4 m/s) using Shapiro-Wilk's test.
Levene's test of equality of variances indicated that the assumption of homoscedasticity was not violated for this data (F 4,30 =0.17, p=0.954). The main effect of the between subjects factor (air speed), is not significant (Table S17), indicating that air speeds does not significantly affect the abdomen position of decapitated bees. 
7.f Test of effects of negative air speed (tail wind) and optic flow (Section 1)
Two factor ANOVA was conducted with one within subjects factor (optic flow), and one between subjects factor (air speed). The number of bees included for each level of the between subjects factor were 7 (0 m/s), 10 (-0.5 m/s), 9 (-1.5 m/s) and 10 (-3 m/s). Of the 24 factor combinations one was found to be non-normal (-1.5 m/s at 300 deg/s) using Shapiro-Wilk's test. The between subjects factors were found to be slightly heteroscedastic at only one of the within subjects factors levels (Table S18) , and it is unlikely this would have affected the results of the ANOVA. Mauchly's Test of Sphericity indicated that the assumption of sphericity was violated for this data, χ 2 14 =145.93, p<0.000001, and as ε=0.33, Greehouse-Geisser correction was used to adjust degrees of freedom for the within subjects factor (Table S19 ). The main effect of the within subjects factor (optic flow) is highly significant, and the between subjects factor (air speed) is weakly significant, and the interaction term is not. Post-hoc comparisons are made between main effects by computing p-values for each pairwise comparison, using the Dunn-Sidak test for both main effects comparison. The response to optic flow for bees experiencing a tail wind (Table S20 ) plateaus in the same way to bees experiencing forwards air flow (Section 7.a), at 400 deg/s. The only significant difference in pairwise test of air speeds occurs between -0.5 and -1.5 m/s (Table S21 ). These air speeds have the largest difference in abdomen pitch responses ( Figure S1b) , and it appears that the response at 0.5 m/s may be slightly elevated, as for bees experiencing forwards air speed (Figure 2d (main text)). Three factor ANOVA was conducted with two within subjects factors (optic flow and order) and one between subjects factor (air speed). The number of bees included for each level of the between subjects factor were 11 (0 m/s), 12 (1.5 m/s) and 12 (3 m/s). Bees were exposed to a triangular function of optic flow levels, as described in Section 4.b. The 600 deg/s air speed point is not included in analysis as, being at the peak point of the triangular optic flow ramp; bees were not exposed to this value twice in the same flight.
For these exploratory data analyses, we elected to include flights from bees that stopped flying briefly during the stimulation protocol. Hence the missing values for four bees (missing at most two data points), were replaced with the mean of value measured for that bee over all other factor combinations. Of the 30 factor combinations three were found to be non-normal (0 m/s at 100 deg/s, first and second presentations; 0 m/s at 300 deg/s, first presentation) using Shapiro-Wilk's test. Interestingly, between subjects factors were found to be slightly heteroscedastic at only one of the within subjects factors levels (Table S22 ). Mauchly's Test of Sphericity showed that the assumption of sphericity was violated for the main effect of optic flow and its interaction with presentation order (Table S23) , hence, Greehouse-Geisser correction was used to adjust degrees of freedom for those within subject factors in the following ANOVA (Table S24 ). Consistent with the results observed for normal bees (Section 7.a), the main effects of optic flow and air speed are both significant, although interestingly the interaction between the two is not significant (although this is likely because the reduction in air speed levels tested has reduced the power of this ANOVA test to detect this interaction relative to others in this paper, rather than the effect itself having changed). The order of presentation of optic flow has no significant main effect, or significant interactions associated with any other factors. This indicates that the abdomen position is relatively independent on the order of optic flow presentation, at least in the case of a simple triangular function. 
7.h Test of effect of air speed presentation order (Section 4.a)
Three factor ANOVA was conducted with three within subjects factors (optic flow, air speed and order). Ten bees participated in all experiments. Bees were exposed to a triangular function of air speed levels, as described in Section 4.a. The 5 m/s air speed point is not included in analysis as, being at the peak point of the triangular air speed ramp, bees were not exposed to this value twice in the same flight.
For these exploratory data analyses, we elected to include flights from bees that stopped briefly flying during the stimulation protocol. Hence the missing values for three bees (missing for at most two data points), were replaced with the mean value measured for that bee at all other factor combinations. Of the 24 factor combinations two were found to be non-normal (100 deg/s at 0 m/s, first presentation; and 500 deg/s at 0 m/s, first presentation) using Shapiro-Wilk's test. Mauchly's Test of Sphericity showed that the assumption of sphericity was violated for some main effects and interactions (Table S25 ). The Greehouse-Geisser correction was used to adjust degrees of freedom for those factors in the following ANOVA (Table S26 ). The main effects of optic flow and air speed are significant for this hysteresis test, and they show a significant interaction. The effect of air speed presentation order is not significant itself, however, it does show a significant interaction with air speed, and additionally shows a significant three factor interaction with the optic flow and air speed. As we might expect, optic flow does not interact significantly with the order of air speed presentation. Thus, it appears that presentation order of air speeds affects how honeybees respond to that stimulus and modifies how air speed interacts with optic flow, resulting in the hysteresis curves observed for triangular air speed ramps across all tested optic flow speeds (Section 4.a). 
7.i Test of effect of air speed and optic flow when the thorax is pitched up (Section 3)
Two factor ANOVA was conducted with one within subjects factor (optic flow) and one between subjects factor (air speed) using data for bees tethered with their thorax pitched up. The number of bees included for each level of the between subjects factor were 10 (0 m/s), 8 (1.5 m/s) and 10 (3 m/s). Of the 18 factor combinations for each level of the thorax pitch factor, none were non-normal (Shapiro-Wilk's test). Whilst the between subjects factor was heteroscedastic at most of the within subjects factors levels (Table S27) , as for bees tethered with their thorax horizontal (Section 7.a), we suggest that this will make our ANOVA conservative. Mauchly's Test of Sphericity indicated that the assumption of sphericity was violated for this data, χ 2 14 =130.35, p<0.000001, and as ε=0.33, the Greehouse-Geisser correction was used to adjust degrees of freedom for the within subjects factor (Table S28 ). Both main effects, optic flow and air speed, including their interaction, are significant, matching our findings for bees with their thorax tethered horizontally (Section 7.a), and suggesting their behavior is qualitatively similar. Whilst bees appear to react in a similar manner to both stimuli when their thorax is pitched up, to make direct comparisons we conducted three factor ANOVA, with an additional between subjects factor, the thorax pitch. Data from Figure 2(a and d (main text) ) for bees with a horizontal thorax (at 0, 1.5 and 3 m/s air speeds) and those with a pitched up thorax comprised the two levels of the new factor. The number of subjects, normality and equality of variance tests for bees with a horizontal thorax are listed previously in Section 7.a. Whilst heteroscedasticity is not corrected for, the Greehouse-Geisser correction is used for within-subjects factors. Air speed, optic flow and their interaction are significant, whereas the thorax angle does not have a significant main effect or interactions (Table S29 ). This confirms that bees with their thoraxes pitched up exhibit a streamlining response to optic flow and air speed that is statistically indistinguishable from those with their thorax horizontal. 
7.j Test of effect of air speed and optic flow when the thorax is pitched down (Section 3)
Two factor ANOVA was conducted with one within subjects factors (optic flow) and one between subjects factors (air speed) using data for bees tethered with their thorax pitched down. The number of bees included for each level of the between subjects factor were 5 (0 m/s), 7 (1.5 m/s) and 7 (3 m/s).
For these exploratory data analyses, we elected to include flights from bees that stopped flying briefly during the stimulation protocol. Hence the missing values for three bees (missing at most one data point), were replaced with the mean value measured for that bee at all other factor combinations. Of the 18 factor combinations for each level of the thorax pitch factor, two were found to be nonnormal (3 m/s at 500 deg/s and 1.5 m/s at 600 deg/s), using Shapiro-Wilk's test. Whilst the between subjects factor was heteroscedastic at half of the within subjects factors levels (Table S30) , as for bees tethered with their thorax horizontal (Section 7.a), we suggest this will make our ANOVA slightly conservative. The Mauchly's Test of Sphericity indicated that the assumption of sphericity was violated for this data, χ 2 14 =37.08, p<0.001, and as ε=0.59, the Greehouse-Geisser correction was used to adjust degrees of freedom for the within subjects factor (Table S31 ). The main effect of air speed, including its interaction with optic flow, is significant. Surprisingly, the main effect of optic flow was not significant, in contradiction to the findings for bees with their thoraxes tethered horizontally (Section 7.a). Whilst this test has a reduced number of subjects compared relative to the previous ones (due to the insects reluctance to fly when tethered with their thorax down), which would have reduced its power, the data in Section 3 shows that bees tethered with their thorax down have a qualitatively different reaction to optic flow. This suggests that tethering bees with thoraxes pitched down changed their behavior, and indeed changed the effect optic flow has on regulating their abdomen position. Referees Table S31 : Repeated measures ANOVA results, for within and between subjects factors, for bees with their thorax pitched downwards. Un-adjusted degrees of freedom for the within subjects factor (not used in calculations) are shown in brackets. 
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